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(57)Abstract: 

PURPOSE: To prevent discharge amount of ink from 
fluctuating even though the temperature of a head 
fluctuates, and to make the density of printing constant 
at all times by a method wherein the height of an ink 
passage and vertical projection of images onto the 
surface of a heating resistor at the bottom of an ink jet 
nozzle are specified and ink to be used is specified to be 
a water-base ink that is in specified viscosity. 
CONSTITUTION: An Si02 lamina in the thickness of at 
most 2^m and a heating resistor 2 without a protective 
layer are laminated successively on an Si substrate 1 , 
and a liquid passage 7 is provided with an ink jet nozzle 
8 facing the surface of the heating resistor 2 on the 
heating substrate 1 . Then, fluctuating nucleate boiling is 
made to occur partialy in ink by applying voltage to the 
heating resistor 2, and the ink is jetted in the form of 
liquid drops through the nozzle 8. The height of the ink 
passage 7 is made lower than 30//m, and images are 
projected vertically onto the surface of the heating 

resistor 2 at the bottom of the ink jet nozzle 8 so that the vertically projected .mages can be 
laid over the heating resistor 2 with errors within ±5^m. The ink to be used .s such that >s a 
water-base ink in the viscosity of 0.7-6C.P. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The exoergic substrate with which the laminating of the exoergic resistor which does 
not have SiO two-layer with a thickness of 2 micrometers or less and a protective layer on Si 
substrate was carried out one by one, The ink regurgitation nozzle which was suitable in the 
perpendicular or the almost perpendicular direction to said exoergic resistor side, It has the 
liquid route opened for free passage by said ink regurgitation nozzle in order to supply ink. Some 
ink in said liquid ink way is made to cause fluctuation nucleate boiling by impressing the electrical 
potential difference of the fixed pulse width below 3microS to said exoergic resistor. In the ink 
jet printer which records by making liquid drop-like ink breathe out from said ink regurgitation 
nozzle by the expansion force of these air bubbles The height of said liquid ink way is lower than 
30 micrometers, and the perpendicular projection image to said exoergic resistor side of said ink 
regurgitation nozzle bottom considers as the structure of lapping with this exoergic resistor 
within **5 micrometers. The thermal ink jet printer characterized by making into water color ink 
with the value of 0.7 - 6C.P. viscosity of the ink used for this. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the recording apparatus of the format of turning 
a liquid ink drop to a record medium, and making it flying using heat energy, and the so-called 
thermal ink j^t printer. 
[0002] 

[Description of the Prior Art] Two methods are put in practical use by the head for ink 
regurgitation used for a thermal ink jet printer. That (JP,54-161935,A, JP,55-27281 A JP.55- 
27282,A) the discharge direction of one of the exoergic resistor currently formed on one wall 
surface (substrate) of a liquid ink way and ink is [ that ] parallel, and other one have this 
perpendicular (JP,54-51837,A). All are the same also at the point that make some ink evaporate 
quickly with pulse heating, and it is the same to make a liquid ink drop breathe out from an 
orifice, and the fundamental configuration of the exoergic resistor covers a thin film resistor with 
the rapid expansion and contraction by the multilayer protective layer (refer to Hewlett Packard 
Journal, Aug.1988, and Nikkei mechanical December 28, 1992 issue 58 page). 
[0003] As a property common to the head for ink regurgitation of these [ which are put in 
practical use ] two methods, the fact that print concentration changes with head temperature is 
known well. 

[0004] It is shown by by printing by drawing 3 having been announced by P82 Society of 
Electrophotography of Japan 28th volume ** No. (1989) 4 that head temperature rises and image 
concentration also becomes high in proportion to it. 

[0005] The cause for which image concentration depends on head temperature is related to the 
viscosity of ink changing with temperature a lot as shown in drawing 4 . Therefore, by the actual 
printer, the means which carries out temperature controls, such as heating and cooling, so that 
head temperature can be held uniformly is established as a cure for image concentration not to 
change. 

[0006] In the case of the full color printer by which the aforementioned cure which holds head 
temperature uniformly uses two or more heads, it becomes somewhat complicated. That is, since 
the duty (count of printing per unit time amount) of each color head has a difference, a 
difference arises in the programming rate for every head, and the difference of head temperature 
cannot be easily canceled in package air blast quenching usually used. Furthermore, it is also 
difficult to arrange the viscosity and temperature dependence of the ink of each color 
completely, and the present condition is performing excessive heating so that the low head of 
duty may be doubled with a high head after all. By carrying out like this, it is possible to hold 
concentration and a color-balance uniformly for the first time. 
[0007] / 

[Problem(s) to be Solved by the Invention] "Initial heating" for securing fixed concentration in 
the initial state of printing with exact control of the head temperature mentioned above is 
indispensable to the conventional thermal ink jet printer, and the time amount of the warming up 
for it is also needed for it. 

[0008] The purpose of this invention realizes the head which can carry out [ unnecessary ]-izing 
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of the temperature control, without spoiling printing concentration and a color-balance, and is to 
offer a user-friendly simple thermal ink jet printer. 

[Means for Solving the Problem] The exoergic substrate with which the laminating of the 
exoergic resistor the above-mentioned purpose does not have exoergic SiO two-layer with a 
thickness of 2 micrometers or less and an exoergic protective layer on Si substrate was carried 
out one by one, As opposed to said exoergic resistor side A perpendicular or the ink 
regurgitation nozzle which was perpendicularly suitable mostly. It has the liquid route opened for 
free passage by said ink regurgitation nozzle in order to supply ink. Some ink in said liquid ink 
way is made to cause fluctuation nucleate boiling by impressing the electrical potential 
difference of the fixed pulse width below 3microS to said exoergic resistor. In the ink jet printer 
which records by making liquid drop-like ink breathe out from said ink regurgitation nozzle by the 
expansion force of these air bubbles The height of said liquid ink way is lower than 30 
micrometers, and the perpendicular projection image to said exoergic resistor side of said ink 
regurgitation nozzle bottom considers as the structure of lapping with this exoergic resistor 
within **5 micrometers, and it is attained by making into water color ink with the value of 0.7 
6C.P. viscosity of the ink used for this. 
[0010] 

[Function] When the head constituted as mentioned above is made to fill and breathe out the 
water color ink which has the viscosity of the above-mentioned range, it becomes possible to 
make the ink of a constant rate breathe out of a regurgitation ink droplet, without generating 
tailing and a subdrop. That is, since according to the printer constituted like the invention in this 
application the amount of regurgitation ink does not change even if head temperature changes 
and ink viscosity changes, print concentration does not change, either. Therefore, energy 
required in order to carry out the temperature up of the head to predetermined temperature or 
to carry out a temperature control also becomes unnecessary. 

[001 1] Thus it turns out that print concentration and a color-balance can be maintained in the 
good condition, and it is not influenced by environmental temperature, either, without controlling 
the temperature of a head, if it is the printer which takes the configuration of the invention in 
this application. 

[Example] The B-B' sectional view of this head is shown for the cross section ot a thermal inK 
jet print head which becomes this invention at drawing 1 in drawing 2 . 

[0013] On a silicon substrate 1. the laminating of the Si02 thermal-oxidation film (not shown) of 
1-2-micrometer thickness and the unnecessary exoergic resistor 2 of a protective layer is 
carried out one by one, and an exoergic substrate is formed. As an unnecessary exoergic 
resistor 2 of said protective layer, the exoergic resistor 2 which consists of the Cr-Si-SiO alloy 
thin film resistors and nickel thin film conductors patent application invention and given in JP.6 
71888.A by this invention person is formed, for example. In addition, since the ink regurgitation 
with the sufficient effectiveness by the exoergic resistor without this protective layer can 
reduce the injection electric energy of a head or less to 1/10. most rises of the head 
temperature by printing are not seen. 

[0014] Although only the exoergic resistor part is illustrated to drawingj, and drawin g,* tor 
simplification, like a publication, in the case of an actual head, a driver circuit is formed in a 
silicon substrate 1. and it is monolithic-ized [ patent application invention by this invention 
person, Japanese Patent Application No. No. 90123 / five to /, and Japanese Patent Application 
No. / No. 272452 / five to ] to it. 

[0015] That a liquid route should be formed on said silicon substrate 1, the septum 3 was formed 
with the photopolymer etc. and the height (thickness) G was set to 20 micrometers 30 
micrometers or less and here. Moreover, width of face W of the individual ink path (liquid route) 7 
is set to 50 micrometers, and the pitch is set to 62.5 micrometers (400 dot/inch). In addition, the 
exoergic resistor 2 is a square and set the die length of one side to 40 micrometers. The ink slot 
5 is formed in a silicon substrate 1 on this stairway, on a septum 3, adhesion hardening of the 
orifice plate 4 is carried out. and the regurgitation nozzle 8 of R= 40 micrometerph. is formed by 
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photograph dry etching. The polyimide film with a thickness [ with an epoxy adhesive layer ] of 
60 micrometers was used for the orifice plate 4 in this case. According to such a process, the 
head with which mutual alignment is correctly performed on Si wafer (5 inches and 6 inches) can 
manufacture with the sufficient yield in large quantities. 

[0016] Although the head illustrated by this example is the thing of 400dpi, this process can 
manufacture 800dpi and this to the head of 1600dpi in the orifice train linearly located in a line 
by arranging an orifice train on both sides of one ink slot 5. And it is possible by making this on 4 
sets and same Si substrate to manufacture even the full color line head of 1600dpi. 
[0017] And if it is made the above-mentioned configuration, as indicated to Japanese Patent 
Application No. No. 21060 [ six to ], 1 time of the amount of regurgitation ink will turn into mostly 
the amount of ink to the meniscus which exists on an exoergic resistor with an equal. 
[0018] Now, the water color ink (a) shown in the head shown in drawin g 1 and 2 at drawing 4 , 
(b), and (c) were filled, respectively, and the print concentration at the time of changing head 
temperature from 5 degrees C to 40 degrees C was investigated. However, in order to except 
the effect of expanding of the refill time amount by the regurgitation by the side of low 
temperature, the regurgitation repeat frequency was evaluated as 2kHz sufficiently late as this 
head. In addition, when it is made to breathe out at 5 degrees C using pure water, it is checking 
becoming a stable discharged water drop also to the regurgitation repeat frequency of 15kHz by 
stroboscope observation. 

[0019] The result of image concentration is shown in drawing 5 . If the viscosity of water color 
ink exceeds 6C.P., image concentration will fall, so that this result may show, but as long as it is 
the viscosity below 6C.P., even if it raises head temperature to 40 degrees C, image 
concentration does not change. And as a result of making head temperature into 40 degrees C 
(the viscosity of the pure water at this time is about 0.7C.P.) and carrying out stroboscope 
observation of the discharged water drop using pure water, although it is visual observation, it is 
checking that that volume is not different from the case of other water color ink. That is, as long 
as viscosity is in the range of 0.7 - 6C.P. at least, the volume of a regurgitation ink droplet 
becomes fixed [ image concentration ] eternally therefore. In addition, the cause that image 
concentration will fall if 6C.P. is exceeded is considered for the amount of the ink which remains 
in the internal surface of a regurgitation nozzle to increase. 

[0020] Thus, since printing by fixed image concentration is possible even if head temperature 
changes as long as viscosity is within the limits of 0.7 - 6C.P., when full color, it also becomes 
easy to hold an important color-balance uniformly, namely, the temperature dependence of the 
viscosity of the ink for full color — not restricting — also carrying out — it is shown that it is 
not necessary to make it in agreement. 

[0021] However, when it is ink with high viscosity, refill time amount becomes long, and it 
becomes impossible to follow in footsteps of a high-speed regurgitation repeat frequency, and it 
will produce a concentration fall. Furthermore, if viscosity becomes high, the regurgitation rate of 
an ink droplet will become slow. Therefore, what is necessary is just to set up by the relation 
between the minimum of head temperature, and ink viscosity about the repeat frequency of the 
regurgitation. Of course, it is not this limitation when the head scan speed in serial scan record 
is slow. 

[0022] In addition, even if head temperature is 5 degrees C or less, if ink viscosity is below 6C.P., 
there will be nothing that serves as trouble in any way in the usual printing. However, generally 
the viscosity of ink rises rapidly, and the entrained moisture after printing dews around a head or 
head, and it makes it printing not only becomes unstable, but generated various to un-arrange. 
Although the method (refer to Japanese Patent Application No. No. 137198 [ six to ]) of 
performing the exhaust air from the recording paper front face immediately after printing in order 
to prevent this becomes effective, it becomes the very effective dew condensation preventing 
method to keep head temperature at 5 degrees C or more at it and coincidence. 
[0023] 

[Effect of the Invention] According to this invention, since print concentration is influenced by 
neither environmental temperature nor print conditions, it becomes unnecessary to control the 
temperature of a head and small and the quality printer of low cost can be realized. This serves 
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as a very big advantage, when it applies to a full color printer, and it can realize a constant 
color-balance easily. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view (A-A' sectional view of drawin g 2 ) showing one example of a 
thermal ink jet print head which becomes this invention. 
[Drawing 2] It is the B-B' sectional view of drawing 1 . 

[ Drawin g 3] It is the citation Fig. (28th volume ** No. (1989) 4 of the Society of 
Electrophotography of Japan P.82) showing change of the head temperature at the time of 
performing serial scan record, and image concentration. 

[Drawing 4] It is the property Fig. showing the temperature change of the viscosity of pure water 
and typical water color ink. 

[Drawing 5] It is the property Fig. showing the head temperature dependence of the image 
concentration at the time of using the head of this invention. 
[Description of Notations] 

In 1, a silicon substrate and 2 a septum and 4 for an exoergic resistor and 3 An orifice plate, In 5, 
an ink slot and 6 an individual ink path and 8 for a common ink path and 7 A regurgitation nozzle, 
For the bore (correctly bore of a regurgitation nozzle bottom) of a regurgitation nozzle, and G, 
the distance of the exoergic resistor 2 and the base of an orifice plate 4 and T are [ 9 / the 
meniscus of ink, and R / die length of one side of a square heater and W of orifice-plate 
thickness and H ] the width of face of the individual ink path 7. 



[Translation done.] 
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